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METHODS:
Wildtype and ALX1-/-iPSCs were differentiated into the CNCC lineage through the addition of epithelial growth factor into DMEM F12 medium. Subsequent cells were assayed for their CNCC properties and ability to multi-lineage differentiate into adipocytes, Schwann cells, chondrocytes, and osteoblasts. We then accessed surface marker expression, and sensitivity to apoptosis between wildtype and ALX1-/-CNCCs using FACS and migration assay. Differential gene expression in iPSC and alx1-/-zebrafish embryos was analyzed using qPCR. For in vivo analysis of CNCC migration, wild-type, alx1-/-and pax3 injected zebrafish embryos were analyzed using sox10:KAEDE transgenic line.
RESULTS:
Through analysis of CNCC markers CD90, CD73, CD105, CD57, cellular morphology, gene expression data, we demonstrate that our protocol was able to differentiate iPSCs into CNCCs. Both ALX1-/-and wildtype cells were capable of differentiating into adipocytes, Schwann cells, chondrocytes, and osteoblasts. However, after CNCC differentiation, while wildtype cells were able to further engage in the CNCC lineage through CD57 down-regulation, ALX1-/-NCCs maintained a high level of CD57. ALX1-/-neural crest cells were also more sensitive to apoptotic stress and experienced migratory impairment. qPCR analysis of ALX1-/-iPSCs and alx1-/-zebrafish embryos revealed an overexpression of PAX3 during CNCC differentiation and embryonic development. Conversely, overexpression of PAX3 into control CNCCs impaired migration in iPSC model. Overexpression of pax3a/b mRNA in zebrafish embryos phenocopied the craniofacial anomalies seen in alx1 -/-mutants, and injection of a dominant-negative alx1 (alx1DN) variant impaired migration of CNCCs to the central midface.
CONCLUSION:
Studies of FND using complementary iPSC and zebrafish models revealed that ALX1 downregulates PAX3 to modulate CNCC migration and cell maturation. Disruption of ALX1 resulted in unsuppressed PAX3 expression, which caused NCCs to be unable to persist in a progenitor state, more sensitive to apoptosis, and unable to properly migrate. Discordant neural crest cell differentiation and migration resulted in a decreased contribution of NCC to the frontonasal prominences and midface deformities. These studies revealed requirement of ALX1 in transcriptional regulation of midface development. This study elucidated the molecular and cellular basis of FND pathogenesis, advancing craniofacial malformations from description of affected anatomy to fundamental understanding. 
PURPOSE:
The application of technology to predict and prevent perfusion related complications promises to revolutionize plastic surgery by improving patient care and preventing the downstream sequelae of flap necrosis. Although a myriad of devices have been developed toward this goal, their widespread application has been limited by cost, the need for potentially unwieldy machinery, the use of intravenous dyes, and questionable efficacy in human trials. The objectives of this study are to assess the potential efficacy of a novel, handheld, dye-less device utilizing near-infrared spectroscopy in quantifying tissue oxygenation, predicting the risk for flap necrosis, and preventing perfusion-related complications.
METHODS:
Twenty-four Sprague-Dawley rats underwent elevation of a dorsal, 10cm x 3cm cranially-based random pattern skin flap using the modified McFarlane technique. Rats were divided into 1 of 3 treatment groups: control, single-dose topical nitroglycerin, and two-dose topical nitroglycerin applied immediately post-operatively and again twelve hours later. Tissue oxygenation was measured intra-operatively following flap elevation and at 24-hours post-operatively. On post-operative day seven, the animals were euthanized, and flap survival was ascertained clinically and histologically. The Pearson product-moment correlation coefficient was used to correlate tissue oxygenation to distance from flap pedicle. Statistical analyses were performed using chi-squared tests and one-way ANOVA. ROC curves were used to evaluate the ability of intra-operative tissue oxygenation in predicting clinical flap necrosis.
RESULTS:
Tissue oxygenation was negatively correlated with distance from the flap pedicle (r = -0.798) with a statistically significant decrease in mean tissue oxygenation in distal tissues (p < 0.001). Necrotic tissue on post-operative day seven demonstrated a significantly lower intra-operative tissue oxygenation (32.1%) compared to healthy tissue (58.6%, p < 0.001). As a predictor for tissue necrosis, intraoperative tissue oxygenation demonstrated an area under the ROC curve of 0.969. Control rats demonstrated more tissue necrosis than those receiving a single or two doses of topical nitroglycerin (51.3% vs. 28.8% vs 18.8%, respectively; p=0.035). Near-infrared spectroscopy demonstrated a significant increase in tissue oxygenation between the intra-operative and 24-hours post-operative timepoints in ischemic tissue receiving nitroglycerin (+17.8%, p<0.001).
CONCLUSIONS: Near-infrared tissue oximetry effectively detects clinically relevant differences in tissue oxygenation and is a strong predictor for flap necrosis in a rat model. The application of topical nitroglycerin ointment results in a measurable increase in tissue oxygenation that correlated to flap survival. Further translational studies are warranted in order to define the role of this techonology in patient care.
